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A  STUDY  OF  SIMULTANEOUS  TRACINGS  FROM  THE 
APEX  OF THE  HEART  AND  THE  RADIAL ARTERY 
WITH  THE  MICROGRAPH.* 
BY ALBERT C.  CREHORE,  PH.D. 
(From  the Department  of  Therapeutics  of  Cornell University  Medical  College, 
New  York.) 
The  general method  of producing tracings  of  the  pulse  by  the 
use  of the principle  of light  interference, and  some  representative 
curves obtained in this way have been given in a  former communi- 
cation. 1  An  instrument  has  now  been  designed  to  furnish  two 
simultaneous tracings,  as the original instrument could produce but 
a  single  record.  This  has  made  it  possible  to  identify with  cer- 
tainty some events about  which there was  doubt when single trac- 
ings only could be taken. 
Since  the  first  tracings  were  made  with  the  micrograph,  those 
from the apex of the heart have attracted our attention especially, 
because of two characteristic wave-groups of short period that are 
invariably found, when present at all, at certain definite positions in 
the cardiac cycle. 
Apex tracings  from several different subjects are  reproduced in 
text-figure I, the curves being numbered respectively, 2, 5, 27, 29, 34, 
and 35.  Each apex tracing was taken simultaneously with a  trac- 
ing  from the right radial  artery, and  the vertical line,  RR,  in the 
center of the figure, represents the time of the beginning of the up- 
stroke  of  the  radial  curve  in  all  cases,  although  only two  radial 
curves are shown in full; namely, Nos. 2 and 34. 
The  speed  of the  film was  approximately  six  inches  per  second,  for  all  trac- 
ings shown in text-figure I, but because the pulse rates  of the subjects  differ con- 
siderably,  the  cardiac  cycles  in  the  various  curves  are  completed  at  different 
times.  The  time  of  the  beginning  of  the  upstroke  of  the  simultaneous  radial 
curve is  indicated  for  each  apex tracing  by  the  vertical lines,  R2,  R~,  etc. 
*Received  for  publication,  July  IO,  1911. 
1 Crehore and  Meara,  The  Micrograph,  Your. Exper.  Med.,  1911, xiii, 616. 
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T~.XT-FIG.  I.  Simultaneous  tracings  from the apex of the heart  and the right 
radial  artery.  Nos. 2, 5, 27, 29,  34,  and  35  refer  to different subjects.  The  same 
apex tambour was used  for each subject, and the speed of the film was  six inches 
pdr  second.  Nos.  5  and 27  are  from normal hearts  on  the same scale  (one band 
per half  inch)  as the  curve  No.  29  from  an  abnormal  subject.  RR is a  vertical 
line  denoting  the  time  of  beginning  of  the  upstroke  of  the  radial  curve  taken 
simultaneously with each apex tracing.  R2, R,, etc., mark the times of the preced- 
ing  or  following  upstrokes  of  the  radial.  The  vertical  lines  mark  one  tenth 
second  intervals.  The  A-wave-group  is  at  A  one tenth  of  a  second  before RR, 
and the B-wave-group  at  B, two  tenths  of  a  second  after RR.  The tracings  are 
selected td'show the diversity of  form  rather  than  similarity. Albert C. Crehore.  341 
The positions of the  A-wave-groups are  clearly  seen  in  these  tracings  at  the 
points  A,  and  those  of  the  B-wave-groups,  when  clearly  marked,  at  ]3.  Only 
two  such  groups  are  found  in  each  cycle;  the  first  at  A  is  always  more  pro- 
nounced  both  as  to  intensity  or  amplitude  and  as  to  duration  than  the  second 
group at B.  In some subjects the B-group is absent altogether, probably because 
the  amplitude  is  too  small to  be  recorded  at  the  position  of  the  tambour,  or 
because the cause of it is less marked in the subject.  The A-group, on the other 
hand,  is  always  found in the tracings. 
TExT-Fro.  2.  Showing A-wave-groups taken from tracings at the apex of the 
heart  simultaneously with tracings  from the  right  radial  artery.  The beginning 
of  the  upstroke  of  the  radial  occurs  at  a  time  marked  by  the  vertical  lines  R. 
Curves having the  same number,  e. g. 27,  are  taken  from different cycles  in  the 
same record  from one subject.  The curves are superposed in order to  show the 
coincidence in time of  the waves  from  different cycles  and  subjects.  Note  that 
the  A-groups  appear  before  the  lines  R,  the  beginning  of  the  upstroke  of  the 
radial. 
A  comparison  of  the  apex  tracing  with  the  simultaneous  tracing  from  the 
right  radial  artery  shows  that  the  A-wave-group  always  occurs  a  short  time 
before the beginning of the  upstroke  of the radial  curve, and  when  the  B-group 
is present it always occurs after the upstroke by a different interval of time. 
The  A-wave-groups  have  been  copied  from  a  number  of  apex 342  Study  of Simultaneous  Tracings  with the Micrograph. 
tracings and are reproduced in text-figure 2, one curve being placed 
immediately under another for comparison; the B-wave-groups are 
similarly reproduced in text-figure 3.  In each figure the vertical lines, 
R, give the time of the beginning of the upstroke of the radial curve 
taken simultaneously with the apex tracings  from which the wave- 
groups are taken.  The A-wave-groups occur in all cases before the 
lines  R,  and  the  B-wave-groups after these lines.  The apex trac- 
TEXT-FIG. 3.  Showing B-wave-groups from tracings taken  at the apex of the 
heart and  superposed  similarly to the A-wave-groups in text-figure 2.  Note that 
these groups appear after the lines R, the beginning of the upstroke of the radiaI. 
ings  from  successive cycles in  the  same  record  from  one  subject 
have the same number; for example, the  four tracings, 2 7  ,  in text- 
figure 2,  were taken from the different cycles in the record of one 
man, 
Thus arranged, the tracings show clearly that the A-wave-group 
occurs with great regularity in different subjects and at practically 
the same portion of each cycle,--shortly before the upstroke of the 
radial  pulse.  The  B-wave-groups also  occur with the  same  regu- Albert  C. Crehore.  34:3 
larity in different subjects, each  about the  same  time interval after 
the upstroke of the radial.  This is in spite of the fact that the pulse 
rates in the different subjects differ materially. 
The  duration  of  either  of  these  wave-groups,  A  or  B,  is  suffi- 
ciently great to make it necessary in measuring time intervals from 
them  to  specify  the  portion  of  the  wave-group  from  or  to  which 
measurements are made.  If the physiological cause of each or any 
of  the  component  waves  making  up  either  of  these  wave-groups 
were known with certainty, it would be more satisfactory to  meas- 
ure  time  from  these  known  events.  The  plan  adopted  here  is  to 
select the approximate middle point of the group and measure from 
that  point. 
Some of the results of such time measurements on different sub- 
jects  are  given in table  I.  The  number  of  the  subject is  given in 
TABLE I. 
Time intervals obtained from synchronous tracings from the apex of the heart and 
the  right  radial  artery.  Column  6  gives  the  time  interval  between  the 
A-  and  the  B-wave-groups. 
2 
5 
I0 
2I 
23 
26 
27 
e8 
29 
3  ° 
31 
33 
34 
35 
a 
b 
C 
Average 
2 
73. 
9  ° . 
77. 
69. 
7o. 
6I. 
1o3. 
7  2  . 
120. 
68. 
82. 
9  °  • 
63. 
75. 
80. 
75. 
82. 
3  4 
.8z  .lOO 
•  67  .i21 
.78  .Io  3 
•  87  .o73 
.86  .x2o 
.98  .III 
•  58  .ioo 
.83  .100 
•  50  .Io8 
.88  .o87 
•  73  .lO3 
.67  .xo4 
•  95  .Ioo 
.80  .IO0 
.75 
.8O 
.73 
--i  .I021 
5  6 
•  183  .283 
.I58  .279 
•  245  .318 
•  225  .345 
•  232  .343 
•  I58  .258 
•  223  .323 
•  250  -337 
•  25o  .353 
•  230  .334 
•  z34  .334 
•  250  -350 
.26o 
.29o 
.271 
•  2198  .3125 
7  8  9 
•  54  .34  .66 
•  39  .4 z  .58 
•  55  .37  .63 
•  51  .4o  .6o 
•  64  .35  .65 
•  33  .44  .56 
•  51  .39  .6I 
•  54  .38  .6z 
•  38  .48  .5 z 
•  34  .50  .5o 
.6z  .35  "65 
•  45  .45  .55 
•  49  .35  .65 
•  51  .36  .64 
•  46  .37  .63 
the first column, the pulse rate,  obtained from three  or  four cycles, 
in the second column, and the time of one complete cardiac cycle in 
the third.  The time interval from the middle of the A-wave-group 
to  the beginning of the  upstroke  of  the  right  radial pulse is  in the 344  Study of Simultaneous Tracings with the Micrograph. 
fourth  column.  The  fifth  column  gives  the  time  from  the  right 
radial  to  the  middle  point  of the  B-wave-group.  The  sixth  gives 
the  stun of the numbers  in the  fourth  and  fifth colunms and  is the 
time  from  the  middle point  of the A-wave-group to the middle  of 
the  following  B-wave-group.  The  seventh  gives  the  difference 
between  the  intervals  in  the  third  and  sixth  columns  and  denotes 
the  time  for  the  completion  of  the  cardiac  cycle,  measuring  from 
the  middle  of  the  B-wave-group  to  the  middle  of  the  following 
A-wave-group.  The eighth gives the ratio of the sixth to the third 
columns, and expresses the proportion which the time interval  from 
the A- to the B-group bears to the whole cycle.  The  ninth  column 
similarly expresses the ratio to the whole cycle of the interval  from 
the  B- to the  following A-wave-group,  the  sum  of the  numbers  in 
columns 8 and 9 being unity and denoting a whole cycle. 
• The time required  for the blood pressure impulses to travel in the 
arteries from the left ventricle of the heart to the right  radial artery 
has  been  measured  by numerous  observers,  and  is  well  known  to 
be approximately one tenth of a  second, although  the  rate  of trans- 
mission  varies  considerably  in  different  individuals.  As  bearing 
upon  this  point,  a  simultaneous  record  of  the  radial  and  brachial 
arteries in the right  arm of one subject was taken,  and  the time  of 
travel between these arteries  was  found to be o.o45  seconds.  The 
distance  was  approximately  thirteen  inches,  and  the  rate  of travel, 
therefore,  was,  in  this  case 289  inches  or  7.35 meters  per  second. 
The  distance  from  the  left  ventricle  to  the  right  radial  artery  is 
somewhat  more  than  double the  distance  from  the  brachial  to  the 
radial,  and  the  time  required  to  travel  from  the  ventricle  to  the 
right  radial  was  therefore  somewhat  more  than  2 ;K o.o45~---o.o9 
seconds;  that  is,  not  far  from  one tenth  of a  second. 
THE  A-WAVE-GROUP. 
Measuring  backward  a  tenth  of a  second  from the beginning  of 
the  upstroke  of  the  radial  curve,  to  allow  for  the  time  of  travel. 
brings us in every case somewhere within the limits of the A-wave- 
group.  Since the upstroke of the radial  pulse is caused by the sud- 
den influx of blood into the radial artery, and this is due to the con- 
traction of the left ventricle of the heart,  which almost immediately Albert C. Crehore.  345 
opens the aortic semilunar valve and admits Mood into the systemic 
arteries; and since the time of travel of the wave of blood pressure 
has been found on measurement to be about one tenth of a  second, 
and since in measuring backward a tenth of a second from the begin- 
ning of the upstroke of the radial,  we come to a  point within the 
limits of the A-wave-group; for these reasons it is safe to conclude 
that the time of the opening of the aortic semilunar valve is in every 
case somewhere within the A-wave-group in the apex tracings. 
Having conclusively located the  approximate point  in  the apex 
tracings when the aortic semilunar valve opens,  certain deductions 
about  the other valvular events may be  made.  As  there are  two 
valves each in the right and left ventricles of the heart, and each 
of  these  valves  opens  and  closes  once  during  a  complete cardiac 
cycle, there must be eight separate valvular events taking place in 
the ventricles during one cycle, and  in the nature of things these 
events are divided into two groups of four each.  These two groups 
must  necessarily be  separated  by  a  considerable  portion  of  one 
cycle, while the  four events of each group  should  happen  almost 
at the same time or in comparatively rapid succession.  These state- 
ments may safely be made from a  knowledge of well known me- 
chanical principles applicable  to pumps.  The four valvular events 
composing the first of the two groups are associated with the time 
of  the  sudden  contraction  of  the  ventricles  at  the  beginning  of 
systole.  The state of the valves just prior to this time is as follows : 
the tricuspid and bicuspid valves are open, admitting blood into the 
ventricles from the auricles, and the two semilunar valves are closed, 
preventing a back influx of blood from the systemic and pulmonary 
arteries.  When contraction of the ventricles begins, it would soon 
have  the  effect  of  closing  the  tricuspid  and  bicuspid  valves--if 
there were no other cause closing them earlier--and of opening the 
semilunar valves,  the  closure of the  former preventing back-flow 
into the auricles, and the opening of the latter admitting blood to the 
arteries.  There probably is  a  brief moment of time between the 
closing of the tricuspid and bicuspid valves and the opening of their 
corresponding semilunars, accounted for by the fact that it requires 
a  greater  pressure  to  open  the  semilunar  valves  because  of  the 
opposing force of blood in the arteries, than it requires to close the 346  Study of Simultaneous Tracings with the Micrograph. 
tricuspid  and bicuspid  valves.  But during this  time the ventricles 
are completely closed chambers  filled with blood,  and  the  interval 
must be very brief. 
Since it has been shown that the opening of the aortic semilunar 
valve occurs during the A-wave-group, and since the closure of the 
tricuspid  and  bicuspid  valves  and  the  opening  of  the  pulmonary 
semilunar valve are closely associated in time with the opening of 
the aortic semilunar valve,  it is safe to  conclude that  the  A-wave- 
group  represents  the effects produced  upon  the  apex  of the  heart 
by this first group of four valvular events within the ventricles. 
THE B-WAVE-GROUP. 
When  systole  has  begun and  the  four  valves  of  the  ventricles 
have assumed the positions stated,  namely, when the tricuspid  and 
bicuspid valves are closed and the semilunars open, the valves will 
remain in their respective positions  for a  considerable portion of a 
cycle, during which the flow of blood into the arteries takes place; 
that is,  the time is long when compared with the intervals between 
events in  the  first group.  When diastole of the ventricles sets  in, 
the second group of valvular events takes place, the two semilunar 
valves closing, and the tricuspid and bicuspid valves opening. 
The  average  duration  of  systole  is  known  to  be  not  far  from 
three tenths of a  second, as measured by different observers, and as 
the beginning of systole has been shown to be associated with the 
A-wave-group or first group  of valvular events, the  second group 
of four valvular events should occur about the end of systole, nearly 
three tenths of a second later.  In the table, the sixth column shows 
that  the  B-wave-group  occurs  approximately  by  this  interval  of 
time after the A-wave-group. 
It is  safe to say, therefore, that the B-wave-group occurs at  the 
end of systole and that it includes the time of closing of the semi- 
lunar  valves,  and  corresponds  to  the  second  group  of  valvular 
events  above  described.  Whether  or  not  there  are  any evidences 
in  the B-wave-group of the  opening of the  tricuspid  and bicuspid 
valves is not known.  The disturbance which they should cause at 
this  time would naturally be less pronounced than the  disturbance 
made  when these valves  are closed during  the  A-wave-group,  be- Albert C. Crehore.  347 
cause they now open under the low 15ressure  of diastole,  and they 
close then under the  high  pressure  of systole.  The  fact that the 
B-wave-group  is  always  less  pronounced  both  in  amplitude  and 
duration supports  this  reasoning. 
On the assumption that these A- and B-wave-groups in the apex 
tracings are caused by the action of the valves in the ventricles, as 
has  been  shown,  the  sixth  column in  the  table  represents  the  ap- 
proximate time of systole.  This  is  well known to be  much more 
constant  than  the  time  of  the  remainder  of  the  cycle in  column 
7;  that  is  to  say,  when a  variation  in  the  pulse  rate  occurs,  the 
greater part' of the variation occurs in the rest of the cycle included 
between the B-group and the  following A-group. 
TIME-INTERVALS WITHIN  A GROUP. 
It  is  hoped that  some time  it  may be  possible  to  identify some 
of the individual  events  in  the wave-groups of the apex  tracings; 
but  a  study  of  the  small  wavelets  composing  an  A-wave-group, 
for  example,  No.  27  ,  text-figure  2,  shows  that  each  little  ripple 
is  repeated  faithfully  in  several  different  cycles.  Small  vertical 
marks are drawn in the case of the  four curves, 27  ,  at the bottom 
of each wavelet, and all of these marks are repeated in each curve, 
except the  first mark  in  the  fourth curve,  showing approximately 
the  same  time  intervals  from  wavelet  to  wavelet  and  from  the 
wavelets to the radial.  These intervals follow with about the same 
regularity in  selecting different cycles from the  same subject,  but 
they  differ  more  in  comparing  different  subjects.  There  seems 
to be a time interval of about two and a half or three small squares, 
that is, o.o21  to o.025  seconds, between consecutive small wavelets~ 
which is a  fairly persistent  interval  in  all the groups.  If a  wave 
having these times, o.o21  to 0.025  seconds, as its period, should be 
sustained long enough to emit a  musical tone,  it' would correspond 
to a pitch of from forty-eight to forty waves per second, and repre- 
sent a  very low note in the base. 
GENERAL  FORM  OF  APEX  TRACINGS. 
It is evident from an inspection of the apex tracings given in text- 
figure  I,  that  there is  a  great diversity of  form and  of amplitude 348  Study of Simultaneous  Tracings with the Micrograph. 
of  the  apex  motion  in  the  different  subjects.  The  same  tambour 
was used  for all  these  tracings.  It was  round,  with  a  diameter  of 
one  and  thirteen  sixteenths  inches.  A  smaller  tambour  was  made 
with  a  diameter  of nine  sixteenths  inches,  and  the  tracing  obtained 
with this  was of the same general  shape as those given by the larger 
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TExT-FIG. 4-  The pair of curves, No. IO, are  simultaneous tracings  from the 
apex of the heart  and the right radial  artery with  a film moving at  lO.85 inches 
per  second,  plotted  on  the  same  vertical  scale  as  the  curves  in  text-figure  I. 
Vertical  lines  mark  one  tenth  second  intervals.  The  pair,  No.  17,  are  simul- 
taneous  tracings  from the right femoral  artery  and  right radial  artery,  the film 
moving at  six inches  per second.  Note the sudden reversal  in the  femoral at  K 
after the upstroke had begun.  This reversal has not been obtained with a normal 
heart. 
one  when  the  smaller  tambour  was  placed  with  its  center  upon the 
same  spot  as  the  center  of the  larger  one,  but  the  amplitude  of the 
curve  was,  of  course,  less.  If  either  tambour  is  placed  upon  a 
different site,  different curves are obtained. 
The curves selected  for text-figure  I  are chosen to show the great Albert C. Crehore.  349 
diversity of apex records rather than their similarity.  Curves 2,  5, 
and  27  are  probably  records  of  normal  hearts.  All  the  curves 
except No. 2are plotted on the scale of one band per half inch,  but 
No. 2 has two bands per half inch.  The amplitude of the excursion 
in curves 5 and 27 is about that which is obtained  from the normal 
subject.  Contrast  these  with  the  records  29  or  35,  which  are 
to  the  same  scale  as  No.  5.  Note  the  exactness  with  which  the 
high  peaks,  in all the  apex curves except No.  34,  just between the 
vertical  line  RR  and  the  A-wave-groups to the  left of  it,  coincide 
with each other in time; the summit of the wave is very nearly four 
hundredths  of a  second  prior  to the  line  RR.  The  peculiarity  of 
the  apex  curve  34,  where  the  summit  of  this  wave  is  missing,  is 
noticeable,  and it is interesting  to see that the radial  curve exhibits 
two  very pronounced  waves  following the  highest  point  after  the 
upstroke.  These waves were plainly seen by direct observation of 
the bands  in the instrument  before the  photograph  was  taken. 
There  are  no  doubt  many  things  which  may  be  revealed  by  a 
closer study of apex tracings,  but the  features which seem the most 
striking because of their regular occurrence are the A- and B-wave- 
groups  above  described. 
In conclusion, four tracings are given in text-figure 4, No. IO being 
the simultaneous apex and right radial,  and No.  17 being the simul- 
taneous right  femoral and right radial of the same subject, although 
taken at a  different time  from No.  IO,  so that the pulse rates differ 
in Nos.  io and  17.  The  speed of the  film also differed in the two 
cases;  the  vertical  lines  in  both  the  upper  and  lower  part  of  the 
figure  were spaced  one  tenth  of a  second  apart,  the  upper  spacing 
applying to No.  IO and  the lower to No.  17.  This  figure is repro- 
duced on the same scale as text-figure  I, and the great excursion in 
the case of both the apex and the radial curves is very marked.  The 
radial  has  more  than  twice  the  normal  amplitude.  The  A-wave- 
group  one tenth  of a  second prior  to  the  line  RR is  well marked, 
and immediately following it appears a  wave, H, recurring in every 
cycle. 
The  femoral  tracing  was  more  difficult  to  obtain  l:han  that  of 
a  normal  subject would have been,  because of the  sudden  reversal 
of the  curve at K  immediately after the beginning of the upstroke. 350  Study of Simultaneous Tracings with the Micrograph. 
This effect has not been noticed in a normal subject.  At the point 
of reversal, the force was so strong that the bands moved at a  rate 
requiring a  higher speed of film than six inches per second, which 
was  the  speed used  for most  of the records.  Undoubtedly all  of 
these peculiarities which recur with such  regularity in  every cycle 
have a physiological meaning which should be studied, but it is not' 
the purpose  of this  paper to  discuss  them. 